Left ventricular contractile state was evaluated in 20 children ages 3 to 11 years with normal left hearts and in 15 children ages 2 to 16 years with a left ventricular pressure overload. All patients were studied during diagnostic cardiac catheterization with catheter-tip micromanometry. Pressure-velocity curves were obtained during isovolumic systole by plotting (dp/dt) /28 P versus developed or total pressure (P). Computer analysis of five cardiac cycles was used to yield one composite pressurevelocity curve for each patient with both linear and second-degree polynomial curve analysis. The developed pressure method yielded higher values for the calculated Vmax index, (dp/dt)/28 P at zero P than the total-pressure method for all patients. Normal standards were defined for both methods. The Vmax index calculated with total pressure as well as peak (dp/dt)/28 P was significantly less than normal for the hypertrophy group. The Vmax index calculated with developed pressure was not significantly different from normal for the entire 
adult patients have demonstrated a depression of myocardial contractility in the presence of chronic myocardial hypertrophy secondary to a pressure overload. '-8 The relative rate of pressure rise in the left ventricle during isovolumic systole has been used to evaluate myocardial contractile state both in animal experiments and during patient investigations. [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] This method has been shown to detect alterations in left ventricular contractility independent of changes in end-diastolic volume or aortic pressure,"' 14, 17, 19 and thus is potentially useful for comparison of myocardial performance in patients with different hemodynamic alterations from normal.
Children with a left ventricular pressure overload secondary to All data were obtained during routine diagnostic cardiac catheterization. Twenty patients with normal left hearts comprised group I. Diagnoses included: mild pulmonary stenosis with right ventricular pressure~c 75 mm Hg (n 8), small atrial septal defect with left-to-right shunt <355f (n = 2), postoperative atrial septal defect i2X to 3 years after surgery (n 3), small ventricular septal defect detectable only by hydrogen electrode (n = 2), vascular anomaly (n = 1), and patients whose precatheterization diagnosis was atrial septal defect but whose catheterization was entirely normal (n - 4 4 The dynamic characteristics of this differentiator have been described previously. 24 Prior to the first cineangiocardiogram, the electrocardiogram, LVP from the lumen of the micromanometer for in vivo baseline and sensitivity, and LV dp/dt were recorded on analog magnetic tapet at 732 ips and on a photographic recordert at 200 mm/sec for 10 inclusion of data only during isovolumic systole, LVP and dp/dt were obtained only during the time interval from 5 msec after LV end-diastolic pressure up to and including maximal positive dp/ dt. With this method, 8 to 14 points per beat were obtained during isovolumic contraction in each patient, and the data from five beats were analyzed together to yield one composite pressurevelocity curve as described below.
The LVP and dp/dt data were then punched on IBM cards and the following calculations perfomed with use of an IBM 360-75 computer system. An index of contractile element velocity, VCE, was calculated by the equation: VCE = (dpi dt) /KP + C,12 where P = developed LVP (instantaneous LVP -LV end-diastolic pressure), K = 28, and the constant C omitted from the calculations as described below.
This variable, (dp/ dt) / KP, will be termed the velocity index. In order to avoid the difficulties inherent in pressure analysis during fractionate contraction of the left ventricle early in isovolumic systole26 as well as to minimize the possible role of the constant C in the velocity equation,14 only developed pressures equal to or above 10 mm Hg were included in the following analysis. By means of a polynomial curve fitting routine of degree one and degree two,27 the velocity index, (dp/dt)/ KP, was expressed as a function of developed pressure as illustrated: first-degree equation y = a + bx, second-degree equation y = a + bl(x) +b2(x)' where y= (dp/dt)/KP, x=developed pressure, a = the y intercept, and b =-the respective coefficients. One linear and one exponential equation were derived with use of composite data from five heart beats in each patient. The individual data po:nts from all five beats and the derived regression equations (linear and exponential) were then plotted with a Calcomp plotter to yield a composite "force-velocity" or more properly a pressure-velocity index curve. The y intercept of the derived equations is analogous to the velocity of the unloaded muscle, Vmax., and therefore will be termed the V... index. figure 4 . This 'laverage curve" was determined by deriving the exponential curves for P 510 mg for all normal patients, calculating values for (dp/ dt) /kP from these equations for P of 5 fig. 6 ).
Only one of the hypertrophy pati-ents showed a significant decrease (,-x-2 SD ) in peak dp/ dt, over significant increase in time from onset of pressure rise to peak dp/dt, or in time to Vpni. None of these variables was signifi- cantly different from normal (P > 0.3) for the hypertrophy group.
Finally, an attempt was made to correlate the V,,ax index by all three methods and V,1 with age and with wall mass/BSA in the hypertrophy group. There was no significant correlation between these variables (P > 0.05).
Discussion The use of the relative rate of pressure rise in the left ventricle to estimate myocardial contractile state represents an attempt to apply principles of muscle mechanics to the intact heart. The quantity [(dp/ dt ) /k P] provides an estimate of contractile element velocity if the following assumptions are made.
1. Only isovolumic contraction is studied since significant fiber shortening results in deviation from the basic force-velocity curve. This assumption is invalid in patients with Circulation, Volume XLIV, December 1971 Mean values for maximal [(dp/dt)/K * total pressure] for normal and hypertrophy patients. significant mitral insufficiency or ventricular shunts in whom isovolumic systole is frequently abbreviated or nonexistent.28 In addition, there may be a minimal degree of overall fiber shortening associated with mitral valve closure in all patients.29 Such a minimal decrease in ventricular volume with mitral valve closure, however, should be similar in all patients in this study and thus not affect comparisons between groups.
2. Pressure (P) is substituted for wall stress in plotting force-velocity curves for each patient. Since isovolumic contraction is studied in which overall dimensions are unchanged, stress that is approximated by (P * radius ) / (wall thickness) will be directly proportional to P. (dF/dl). Thus, VCE= (dp/dt)/(dF/dl) during isovolumic systole since dF/ dt can be approximated by dp/dt during this period. The series elastic stiffness (dF/dl) can be approximated by the value 28P, which is derived from isolated heart muscle investigations. 32 Mehmel10 and Nejad17 and their associates in animals and Mirsky and co-workers16 in patients have suggested that the peak measured velocity of shortening, peak (dp/dt)/ k . P or Vp., can be used to assess contractile state. Our average value for V,, was 1.30 -+-0.24 (x + SD), which was lower than the average value of 2.15 ± 0.78 found by Mirsky et al. 16 However, largely because of the wide SD, there is considerable overlap of the values reported from the two studies. The higher mean value in the previous investigation may be related to the use of fluid-filled catheters in 26 of the 46 patients and the heterogeneity of the normal group. Falsetti and co-workers18 found a normal value for Vr,, of 1.29 + 0.37 for 17 adult patients whom they studied with Circulation, Volume XLIV, Decembef 1971 mitral stenosis, atrial septal defect, or normal left hearts.
The stimulus to study contractile state in children with left ventricular hypertrophy has been provided by several investigations, disclosing depressed contractility in experimental hypertrophy'-. as well as in adult patients with hypertrophy.6.-The group of children studied with a left ventricular pressure overload in this investigation had left ventricular mass values that average 189% of normal, but showed no alterations from the normal group in terms of LV end-diastolic volume, LV output, or heart rate. Despite the large increase in LV muscle mass, a depression of contractile state was not present in all patients. In addition, there was no correlation between contractile state indices and degree of hypertrophy or age.
Of the four patients with values for Vmax index less than 2 SD below normal, none was symptomatic or had ever required digitalis therapy. Three patients have undergone successful surgery for valvular aortic stenosis, supravalvular aortic stenosis, and coarctation and remain asymptomatic. The fourth patient, with hypertrophic subaortic stenosis, remains asymptomatic and has not undergone surgery. Long-term follow-up of these patients, as well as other patients with myocardial hypertrophy, will be required to assess the possible significance of these observed alterations in pressure-velocity indices of myocardial contractility. Simon 
